Birds are increasingly considered important in the global dispersal of tick-borne pathogens. The purpose of this study was to investigate the prevalence of Borrelia burgdorferi sensu lato genospecies in Ixodes ricinus ticks collected on passerine birds from two ornithological stations (Jomfruland and Lista) in southern Norway. In both sampling sites a total of 608 (109 larvae and 499 nymphs) of immature ticks were collected from 157 infested birds representing 26 species. The presence of B. burgdorferi s.l. DNA in ticks was tested using direct PCR amplification of the ospA gene, localized on lp-54 plasmid in B. burgdorferi s.l. genome. Twenty one out of 157 infested (13%) birds carried B. burgdorferi s.l. infected Ixodes ricinus ticks. B. burgdorferi s.l. DNA was detected in 19.7% of the tick samples. In total, 6.4% of larvae (7/109) and 10% of nymphs (50/499) were positive. The vast majority of infected ticks were found on blackbird (Turdus merula). The most frequent genospecies was B. garinii (85.5%), followed by B. afzelii (9.0%) and B. valaisiana (5.5%). Five different B. garinii genotypes were identified. Our findings showed that the blackbirds may support the circulation and spread of B. garinii and B. valaisiana. B. garinii was not detected in questing ticks from investigated locations. B. afzelii genospecies, however, dominated in questing ticks, rodents and ticks from rodents.
Birds are increasingly considered important in the global dispersal of tick-borne pathogens. The purpose of this study was to investigate the prevalence of Borrelia burgdorferi sensu lato genospecies in Ixodes ricinus ticks collected on passerine birds from two ornithological stations (Jomfruland and Lista) in southern Norway. In both sampling sites a total of 608 (109 larvae and 499 nymphs) of immature ticks were collected from 157 infested birds representing 26 species. The presence of B. burgdorferi s.l. DNA in ticks was tested using direct PCR amplification of the ospA gene, localized on lp-54 plasmid in B. burgdorferi s.l. genome. Twenty one out of 157 infested (13%) birds carried B. burgdorferi s.l. infected Ixodes ricinus ticks. B. burgdorferi s.l. DNA was detected in 19.7% of the tick samples. In total, 6.4% of larvae (7/109) and 10% of nymphs (50/499) were positive. The vast majority of infected ticks were found on blackbird (Turdus merula). The most frequent genospecies was B. garinii (85.5%), followed by B. afzelii (9.0%) and B. valaisiana (5.5%). Five different B. garinii genotypes were identified. Our findings showed that the blackbirds may support the circulation and spread of B. garinii and B. valaisiana. B. garinii was not detected in questing ticks from investigated locations. B. afzelii genospecies, however, dominated in questing ticks, rodents and ticks from rodents. Birds are considered important in the global dispersal of tick-borne pathogens and establishing foci of tick-borne diseases (Olsen et al., 1995; Comstedt et al., 2006) . The migratory routes of birds in Europe are diverse with both North-South and West-East directions. It is, however, difficult to determine the place of origin of ticks that parasitize on migratory birds. Ixodid ticks can travel hundreds of kilometers on birds along migration routes before they get de-attached. The ticks that are transported to Norway with migratory birds could be transferred from a quite large area, because different species of birds have different overwintering areas, different migratory routes, and migrate in different periods during spring and autumn (Main, 2002) . The dominant direction of migration during spring in Northern Europe is from southwest towards northeast, and the opposite direction during autumn (Acheson, 1975) .
INTRODUCTION
Previous studies conducted in Europe have shown that different bird species differ in their competence in transmitting of Borrelia pathogens and infect ticks. In Europe, pheasants (Phasianus colchicus), some passerine bird species, like blackbirds (Turdus merula) and song thrushes (Turdus philomelos), and a few seabird species have been shown to be reservoir competent for B. garinii and B. valaisiana (Kipp et al., 2006; Kurtenbach et al., 1998; Taragel' ová et al., 2008) . Because the proportion of particular clinical forms of Lyme borreliosis varies in European countries, it has been of interest to analyze the distribution of different genospecies of B. burgdorferi s.l. in ticks and reservoir hosts.
The aim of our study was to investigate the occurrence of B. burgdorferi s.l. genospecies in ticks from passerine birds in Norway and compare Borrelia infection in ticks from vegetation and small rodents.
MATERIALS AND METHODS

Sample collection
Passerine birds were captured at two ornithological stations in the southern coast of Norway Jomfruland (58°52΄N, 09°36΄E) and Lista (58°07΄N, 06°40΄E) during the spring migratory period (April) in 2006-2007 ( Table 1 ). The birds were identified, examined for ticks and released back into the wild. Only tick-infested birds were included in this study. Ticks were collected from birds using tweezers and placed in microtubes with 70% ethanol and placed at 4 °C before DNA analysis. All ticks were identified to species level using appropriate taxonomic keys (Filippova, 1977; Hillyard, 1996) and molecular assays.
DNA extraction
DNA extraction was performed after the ticks were removed from the birds and carried out by lysis in ammonium hydroxide (Rijpkema et al., 1996). Forty μl for larvae and 80 μl for nymph of 2.5% ammonia solution was added to the sample in a 0.5 ml microcentrifuge tube and heated at 99 °C for 25 min in a thermostat. After a brief centrifugation the tubes were opened and heated 10-15 min to evaporate ammonia. The lysates were stored at -20 °C.
DNA from engorged ticks was extracted using the Genomic DNA Purification Kit (Thermo Fisher Scientific, Lithuania) according to the protocol suggested by the manufacturer.
Molecular identification of tick species
For accurate taxonomical identification of Ixodes ticks with damaged parts of gnathosoma we used species-specific PCR with Ixri-F/Ixri-R primers, as described previously (Paulauskas et al., 2009). In order to investigate the heterogeneity of B. garinii strains found in ticks fed on the birds and rodents, sequences of 345 bp fragment of ospA gene were analyzed and compared with sequences of previously characterized strains submitted in the Gene Bank.
RESULTS
In both sampling sites a total of 608 feeding (semi-engorged to almost fully engorged) immature ticks (109 larvae and 499 nymphs) were collected from 157 infested birds representing 26 species (Table 1 ). All ticks belonged to I. ricinus species.
Twenty one out of 157 infested (13%) birds carried B. burgdorferi s.l. infected I. ricinus ticks. The distribution of ticks infected with B. burgdorferi s.l. among different bird species are shown in Table 1 . B. burgdorferi s.l. DNA was detected in 19.7% of the tick samples. In total, 6.4% (70/109) of larvae and 10% (50/499) of nymphs were infected with B. burgdorferi s.l. (Table 1 ). The observed difference in prevalence of infection was not statistically significant (χ 2 = 1.36; d = 1; p = 0.2430). The vast majority of infected ticks were found on blackbird T. merula (Table 1 ). In Jomfruland, 7 out of 33 T. merula (21.2%) and in Lista, 7 out of 32(21.9%) carried B. burgdorferi s.l. infected ticks. B. burgdorferi s.l. infected larvae were found only on T. merula species. Borrelia infection was significantly more frequent in ticks collected from birds in Jomfruland (12.4%; 42/340) than from those in Lista (5.6%; 15/268) (χ 2 = 8.05; d = 1; p = 0.0046). No Borrelia infected larvae were found in Lista, but in Jomfruland 11.7% (7/60) of larvae were infected. The prevalence of Borrelia in nymphs collected from birds in Jomfruland was significantly higher compared with those in Lista (12.5% versus 6.9%; χ 2 = 4.35; d = 1; p = 0.037).
Sequence analysis of 15 PCR products confirmed B. garinii (HM623279-HM623290) , B. valaisiana (HM623291, HM623292), and B. afzelii (HM623295) species.
The most frequent genospecies was B. garinii (85.5%), followed by B. afzelii (9.0%) and B. valaisiana (5.5%). B. valaisiana was detected only in bird feeding ticks from Lista (Table 1) . Mixed infections with two genospe- We identified and compared B. garinii strains obtained in ticks feeding on the avian hosts. Among the 12 ospA sequences obtained from ticks that had fed on birds, five different genotypes were identified ( Table 2 ). The sequences had one or two nucleotide differences at four positions and one deletion. Nine of obtained B. garinii sequences were identical to ospA sequences of OspA serotype 6 type previously characterized and submitted in the GenBank (the ospA sequence of reference strain N34 Y108794, G25 Z290806), whereas four genotypes were unique and have so far not been described ( Table 2) .
DISCUSSION
In Norway, several studies have been done to analyze migrating bird infestation with ticks and to assess the role of different bird species in transporting of Borrelia infected ticks (Mehl et al., 1984; Paulauskas et al., 2009; Hasle et al., 2009; Kielland et al., 2010) . Mehl et al. (1984) showed that in Norway among migratory passerines birds, the most infested birds with Ixodes ricinus ticks were Turdus spp., Erithacus rubecula, Phoenicurus phoenicurus, Prunella modularis, Anthus trivalis, and Luscinia svecica. In the present study the highest infection rate was detected in ticks collected from T. merula in Jomfruland where birds of this species harbored 82% of B. burgdorferi s.l. infected ticks ( Table 1) . All infected larvae were carried by T. merula and harbored B. garinii genospecies. Since transovarial transmission is rare, we suggest that the larval ticks most probably have been infected by feeding on the blackbirds.
The dominance of B. garinii among ticks collected from birds in this study is in accordance with other studies in Norway and elsewhere (Kielland et Kielland et al. (2010) reported that B. garinii was a more frequently found genospecies in bird feeding ticks during autumn migration in Lista.
In order to compare Borrelia genospecies in ticks engorged on migratory birds with genospecies occurred at the investigated localities, we included in analysis the data on prevalence of Borrelia genospecies in questing ticks in Jomfruland and Lista (Table 3 ; Rosef et al., 2009 ). However, we did not detect B. garinii species in questing ticks at these locations (Table 3 ). It is possible that ticks harbored B. garinii were transported by migrating birds from wintering localities. Another possibility is that birds as reservoirs of B. garinii genospecies could be an infection source for local ticks. However, if captured birds were the members of the local population, they have spread B. garini infected ticks to the vegetation.
In Lista, questing ticks were collected only in 2007, and 2.3% of them were found infected with B. afzelii. In Jomfruland, ticks from vegetation were collected at the same time as ticks from birds during 2006 and 2007, and one year later (2008) in the same period. Overall, 5.3% of questing ticks from Jomfruland were infected, and identified species were B. afzelii, B. burgdorferi s.s. and co-infection of B. afzelii and B. burgdorferi s.s ( Table 3 ).
According to our previous studies, in Jomfruland B. afzelii genospecies was detected in yellow-necked mice 2013) . B. garinii strain detected in ticks that fed on a rodent was identical to that obtained in most of analyzed ticks from birds, and represented OspA serotype 6 strains.
B. afzelii dominated in questing ticks (Table 3), rodents and ticks from rodents in investigated areas, and probably was eliminated in the ticks feeding on birds (Kurtenbach et al., 2002a) . B. afzelii infected nymphs obtained on migratory birds in this study could be of local origin. The occurrence of B. burgdorferi s.l. genospecies in ticks collected from blackbirds could be related to migration routes. According to the investigation of migration behavior of T. merula in Western Europe, the breeding range of the blackbird covers the entire region except for the extreme north of Fennoscandia. Britain and Ireland are important host areas for Fennoscandian blackbirds (Main, 2002) . Thousands of blackbirds arrive in Norway from Great Britain at the end of March and early April. Studies conducted in the British Islands (Kurtenbach et al., 1998; Kurtenbach et al., 2001; Kurtenbach et al., 2002b) showed that the most prevalent genospecies in I. ricinus ticks was B. garinii, followed by B. valaisiana and B. burgdorferi s.s. with low prevalence (below 1%). B. garinii seems to be adapted to birds (Kurtenbach et al., 2002a) and that may influence infection of birds with B. garinii and consequently B. garinii infection in feeding ticks found on T. merula in the southern coast of Norway.
CONCLUSIONS
Most of the infected ticks were found on blackbird T. merula. The most frequent genospecies was B. garinii (85.5%), followed by B. afzelii (9.0%) and B. valaisiana (5.5%). The Turdus species have a potential of hosting and spreading I. ricinus ticks and Borrelia. We did not detect B. garinii species in questing ticks at the investigated locations. However, B. afzelii genospecies dominated in questing ticks, in rodents and ticks from rodents, and probably was eliminated in the ticks feeding on birds.
